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(57) Abstract 

An electronic antenna switching system switches between an internal and an external antenna (105, 107) on a portable radiotelephone 
(103). Here, the external antenna (107) contains a coil cord connector (111). In the coil cord connector (111) an electrical ground or a 
predetermined voltage is applied to a center conductor (205) of a coax cable (201). Internal to the radiotelephone (103), an antenna detector 
circuit (1 13) detects when the second antenna (107) is attached to the electronic antenna switching system and generates a control signal 
(1 19) in response (hereto. A switch (115) switches the active transmission path between the internal and the external antenna's transmission 
path in response to the control signal (1 19). 
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ELECTRONIC ANTENNA SWITCHING SYSTEM 

Field of the Invention 

5 Generally, tins invention relates to radio frequency (RF) 

antennas, and more specifically to an electronic antenna 
switching system which switches between two or more HP 
antennas. 

1 0 Background of the Invention 

In radio systems, such as cellular radiotelephone systems, 
it is often advantageous to provide the radiotelephone with 
more than one antenna. Portable radiotelephones often 

1 5 contain an internal antenna and an antenna connector for 

connecting an external antenna to the portable radiotelephone. 
In these circumstances, it is assumed that the external 
antenna would provide a superior transmission path between 
the portable radiotelephone and a remote transceiver. Thus, 

2 0 when an external antenna is connected to the antenna 

connector, the radiotelephone would switch the RF path from 
the internal antenna to the external antem^ 

In the past, radiotelephone manufacturers have provided 
the internal antenna and the external fmtotmn connector as 

2 5 previously discussed. One such antenna switching system 

provided a whip antenna extending from the top of the portable 
radiotelephone and the external antenna connector protruding 
from the bottom of the portable radiotelephone. The insertion 
of the external antenna into the external antenna connector 

3 0 activated a mechanical switch. The mAfrhnnjral switch 



physically decoupled the whip antenna from the HP signal 
path and coupled the external antenna into the RF signal path. 

In order to provide a mechanical switch at or near the 
bottom of the portable radiotelephone which carried the RF 
signal path from the whip antenna, a transmission line was 
run from the top to the bottom of the portable radiotelephone 
and back, causing significant signal loss on the RF signal 
path. Additionally, a mechanical switch activated by an 
external antenna causes reliability problems from the repeated 
uses and the corrosion caused from inserting an external 
antenna into a mechanical switch. Thus, it would be 
advantageous to provide an electronic antenna switching 
system which is reliable and reduces the RF signal loss within 
the portable radiotelephone. 

Brief Description of the Drawings 

FIG. 1 is an illustration in block diagram form of a 
radiotelephone system including a radiotelephone .in 
accordance with the present invention. 

FIG. 2 is a detailed illustration of an electronic antenna 
switching system in accordance with the present invention. 

FIG. 3 is a detailed illustration of an alternative electronic 
antenna switching system in accordance with the present 
invention. 

FIG. 4 is a detailed illustration of an alternative electronic 
antenna switching system in accordance with the present 
invention. 



FIG. 5 is a detailed illustration of an alternative electronic 
antenna switching system in accordance with the present 
invention. 



Description of a Preferred Embodiment 

FIG. 1 is an illustration in block diagram form of a 
radiotelephone system 100. The radiotelephone system 100 
includes a remote transceiver 101 which sends and receives 
RF signals to and from a plurality of radiotelephones 
contained within a fixed geographic area. The radiotelephone 
103 is one such radiotelephone served by the remote 
transceiver 101. The radiotelephone 103 includes a first 
antenna 105 and a second antenna 107. The second antenna 
107 is detachably coupled to the radiotelephone 103 through an 
external antonym connector 109. In the preferred embodiment, 
the second a ptonnn 107 is coupled to the external antenna 
connector 109 through a coil cord connector 111. Any other 
equally sufficient means of connecting the antenna 107 to the 
portable radiotelephone 103 may be used such as an vehicular 
radiotelephone adapter. 

Additionally, radiotelephone 103 contains an antenna 
detector circuit 113 and a switch 115. The antenna detector 
circuit 113 is coupled to the second antenna's transmission 
line 117. Upon insertion of the coil cord connector 111 of the 
second antenna 107 into the external antenna connector 109, 
the antenna detector circuit 113 generates a switching signal 
119 indicating the presence of the second antenna 107 in the 
radiotelephone 103. The switch 115 has two inputs, namely, 
the first antenna's transmission line 121 and the second 



antenna's transmission line 117. When only the first antenna 
is present in the radiotelephone, the switch 115 provides a 
connection between the first antenna's transmission line 121 
and a transmission line output 123 of the switch 115. When the 
second antenna 107 is inserted into the portable radiotelephone 
103, the switch responsive to a switching signal 119 couples the 
second antenna's transmission line 117 to the transmission 
line output 123. In the preferred embodiment, the switch 115 is 
physically located near the top of the radiotelephone 103, 
providing a short transmission line 121 for the first antenna 
105. The short transmission line 121 reduces the potential 
signal loss along the transmission line 121. By placing the 
switch close to the top of the portable radiotelephone 103 avoids 
running transmission line 121 all the way down across the 
radio to the bottom of the radiotelephone and back up as 
discussed in the background of the invention. 

In the preferred embodiment, the first antenna 105 and the 
second antenna 107 provide both transmission and reception of 
RF signals. Alternatively, the external antenna 107 could be 
used solely for reception of RF signals or solely for 
transmission of RF signals. 

The duplexer 125 allows the transmitter and the receiver to 
share a single antenna. Additionally, the radiotelephone 103 
includes a receiver 127, a transmitter 129, a processor 131 and 
a user interface 133. While receiving signals from the remote 
transceiver 101, the radiotelephone 103 uses the first antenna 
105 or the second antenna 107 to couple the RF signal and 
convert the RF signal into an electrical RF signal. The 
electrical RF signal is received by the radio receiver 127, for 
use within the radiotelephone 103. The receiver 127 generates 



a symbol signal fin- use by the processor 131. The processor 131 
formats the symbol signal into voice or data for the user 
interface 133. The user interface 133 typically contains a 
microphone, a speaker and a keypad and a display. 

Upon the transmission of RF signals from the portable 
radiotelephone 103 to the remote transceiver 101, the voice 
and/or data signals from the user interface 133 are processed 
by the processor 131. The processed signals are input into the 
transmitter 129. The transmitter 129 converts the data into 
electrical RF signals. The electrical RF signals are converted 
into RF signals and output by one of the antennas 105, 107. The 
RF signals are received by the remote transceiver 101. 

FIG. 2 is a detailed illustration of the electronic antenna 
switching system employed in the radiotelephone 103. Here, 
the second antenna 107 is coupled to the external antenna 
connector 109 using a 50 ohm coax 201 and the coil cord 
connector 111. The 50 ohm coax 201 contains an outer 
conductor 203, a center conductor 205 and a dielectric, which is 
not shown between the outer conductor 203 and the center 
conductor 205. In the coil cord connector 111, the center 
conductor is coupled through a resistor 209 to an electrical 
ground 211. In the preferred embodiment, the resistor 209 is a 
10 kilo-ohm (KQ) resistor. Alternatively, an inductor could be 
substituted for the resistor 209. Additionally, a DC blocking 
capacitor 207 is coupled between a break in the center 
conductor 205. In the preferred embodiment, the DC blocking 
capacitor has a value of 33 picofarads(pF). 

When the coil cord connector 111 of the second antenna 107 
is inserted into the external antenna connector 109, the center 
conductor 205 is coupled to the 50 ohm transmission line 117. 
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An additional DC blocking capacitor 213 is provided between 
the switch 115 and the transmission line 117 to eliminate any 
DC energy being coupled into the RF switch 115. The center 
conductor 205 or DC path is then routed through a second high 
5 impedance resistor 215 and a filtering capacitor 217 before 
coupling into the electronic antenna detector circuit 113. In 
the preferred embodiment, the high impedance resistor 215 
has a value of 10 EQ and the filtering capacitor 217 has a value 
of 33 pF. The DC path turns on both transistors in the antenna 

1 0 detector circuit 113, causing the the voltages VI and V2 to 

change as described below. 

When the cofl cord connector 111 of the external antenna 
107 is connected to the external antenna connector 109, the 
voltage VI indicated in FIG. 2 is at a negative 9 volts and the 
15 voltage V2 as indicated in FIG. 2 is at 0 volts. This couples the 
transmission line 117 to the transmission line output 123 
through the RF switch 115. When the second antenna 107 is 
removed from the external antenna connector 109, the voltage 
VI is at 0 volts and the voltage V2 is at -9 volts. This 

2 0 configuration couples the first antenna transmission path 121 

to the transmission path 123 output from the RF switch 115. 

FIG. 3 is a detailed description of an alternative 
embodiment of the electronic antenna switching system. 
Here, the switch 115 and the antenna detector circuit 113 of 

2 5 FIG. 1 are combined into a smart switch 305 which detects the 

presence of the second antenna 107 and couples the second 
antenna's transmission line 117 to the duplexer when the 
second antenna 107 is present Here, the center conductor 205 
of the coax 201 is coupled to a voltage generator 301 via a low 

3 0 impedance resistor 303. In the preferred embodiment, the 
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voltage generator 301 generates 6 volts DC onto the center 
conductor 205. Additionally, the low impedance resistor 303 
has a value of 300 ohms in the preferred embodiment. The 
smart switch 305 contains a quarter wavelength transmission 
5 line 307 and to a first diode 309 and a second diode 311. Upon 
insertion of the external 107 into the external antenna 

connector 109, the 6 volts on the center conductor biases the 
first diode 309 and the second diode 311, turning the diodes 309, 
311 on. With the diodes 309, 311 on, the quarter wavelength 

1 0 transmission line 307 looks like an open circuit to the second 

antenna's transmission line 117, thus, the second antenna 's 
transmission line 117 is effectively coupled to the duplexer 125. 
With the second antenna 107 removed from the external 
antenna connector 109, the first and second diodes 309, 311 are 
15 no longer biased by the voltage provided in the center conductor 
205. Thus, the first antenna 105 is directly coupled to the 
duplexer 125 via the transmission line 307. 

FIG. 4 is a detailed illustration of an alternative electronic 
switching system. Here, the coil cord connector 111 contains 

2 0 the exact circuitry of that discussed in FIG. 1 and uses the 

smart switch 305 of FIG. 3. Unlike FIG. 3, the coil cord 
connector 111 couples the center conductor 205 to an electrical 
ground. A bias circuit 401 is coupled to the second antenna's 
transmission line 117 to provide the proper bias for the diodes 

2 5 contained within the smart switch 305. Upon insertion of the 

coil cord connector 111 of the second antenna 107 into the 
external antenna connector 109, the center conductor is 
coupled to the transmission line 117. The transmission line 
117 provides a DC path to ground for the antenna detector 

3 0 circuit 401. In response, the transistor in the antenna detector 
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circuit 401 generates a bias current for the diodes in the smart 
switch 305. 

FIG. 5 is a detailed illustration of an alternative electronic 
antenna switching system. Here, the coil cord connector 111 is 
5 identical to that discussed in FIG. 1. Here, a switch 501 

contains a first FET 503 and a second FET 505 and a quarter 
wavelength transmission line 507. Upon insertion of the 
second antenna 107 into the external antenna connector 109, 
an antenna detector circuit 509 provides a switching control 
1 0 signal 511 to the switch 50L The switching control signal 511 
turns on the first and second fets 503, 505 generating a short 
circuit between the source and a drain of the FET transistors 
503, 505. When the FET transistors 503, 505 are short circuits, 
the quarter wavelength transmission line 507 looks like an 

1 S open circuit to the second antennas transmission line 117 

thus providing a direct RF connection to the duplexer 125 
through the switch 501. When the second antenna 107 is not 
present, the first and second FET transistors 503, 505 are no 
longer turned on thus they look like open circuits to the first 

2 0 antenna 105. Thus, providing a direct connection between the 

first antenna 105 and the duplexer 125. 

What is claimed is: 
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1. An electronic antenna switching system comprising: 
a first antenna; 

a second antenna detachably coupled to the electronic 
5 antenna switching system; 

an electronic antenna detector circuit coupled to a first 
portion of the second antenna for detecting the presence of the 
second antenna and for generating a switching signal 
responsive thereto; and 
1 0 a switch having a first, a second and a third transmission 

path and a first control input, the first transmission path 
coupled to a first end of the first antenna, the second 
transmission path coupled to a first end of the second antenna, 
the switching signal coupled to the control input of the switch, 
1 5 the switch switching the coupling of the first and the second 

transmission path to the third transmission path responsive to 
the control input. 



10 



2. An electronic antenna switching system in accordance 
with claim 1 further comprising: 

a coax for coupling the second antenna to the electronic 
antenna detector and the switch, the coax having a center 
conductor, an outer conductor and a dielectric therebetween. 

3. An electronic antenna switching system in accordance 
with claim 2 further comprising: 

a voltage generator for generating a predetermined 
voltage, the predetermined voltage is coupled to the center 
conductor of the coax. 

4. An electronic antenna switching system in accordance 
with claim 2 further comprising an electrical ground 
connector, the electrical ground connector coupled to the 
center conductor of the coax. 

5. An electronic antenna switching system in accordance 
with claim 2 further comprising a DC block coupled between 
the second antenna and the center conductor of the coax. 

6. An electronic antenna switching system in accordance 
with claim 3 wherein a high impedance resistor is coupled 
between the predetermined voltage and the center conductor of 
the coax. 

7. An electronic antenna switching system in accordance 
with claim 3 wherein the electronic antenna detector circuit 
generates the switching signal responsive to detecting the 
presence of the predetermined voltage on the center conductor 
of the coax. 
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8. An electronic antenna switching system in accordance 
with claim 4 wherein the electronic antenna detector circuit 
generates the switching signal responsive to detecting the 
5 electrical ground coupled to the center conductor of the coax. 
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9. An electronic antenna switching system comprising: 
a first antenna; 

a second antenna having a first end detachably coupled to 
5 the electronic antenna switching system; 

a switch having a first, a second and a third transmission 
path, the first transmission path coupled to a first end of the 
first antenna, the second transmission path coupled to a first 
end of the second antenna, the switch switching the coupling 
10 of the first and the second transmission path to the third 

transmission path responsive to the second antenna coupling 
to the electronic antenna switching system. 

10. An electronic antenna switching system in accordance 

1 5 with claim 9 wherein the switch further comprises: 

a first diode, a first end of the first diode coupled to the first 
signal input, a second end of the first diode coupled to an 
electrical ground; 

a second diode, a first end of the second diode coupled to the 

2 0 second signal input; and 

a quarter wavelength transmission line coupled between a 
first end of the second diode and the second end of the first 
diode. 

T5 - 
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